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ABSTRACT: 

PROBLEM TO BE SOLVED: To stabilize the working state in 
each part of a heating 

apparatus provided with a substrate made of a ceramic and a 
heat radiating body- 
buried in the substrate and comprising a heating face 
formed in the substrate 
for treating a material to be heated. 

SOLUTION: This heating apparatus comprises a resistance 
control part 2c, for 

example, of a layered type, formed in a substrate 2 and 
made of a ceramic 

having a higher volumetric resistivity than that of a 
prescribed ceramic. 

Preferably, a conductive functional part 3 is buried 
between the resistance 

control layer 2c and a heating face 5 and the conductive 



COUNTRY 
N/A 
N/A 
N/A 



COUNTRY 
N/A 



functional part 3 is 

an electrostatic chuck electrode or an electrode for 
generating high frequency 

and the prescribed ceramic is an aluminum nitride type 
ceramic and the ceramic 

used for the resistance control part 2c mainly contains 
alumina, silicon 

nitride, boron nitride, silicon oxide, or yttrium oxide. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Heating apparatus which is equipped with the base and the heating element currently laid 
underground in this base, and is characterized by the bird clapper from the rheostatic control section 
which it is the heating apparatus with which the heating surface which should process a heated object to 
the aforementioned base is prepared, and the aforementioned base becomes from other ceramics which 
have a volume resistivity higher than the volume resistivity of predetermined ceramics and the 
aforementioned predetermined ceramics. 

[Claim 2] Heating apparatus according to claim 1 characterized by preparing the aforementioned 
rheostatic control section between the aforementioned heating surface and the aforementioned heating 
element in the aforementioned base. 

[Claim 3] Heating apparatus of a publication according to claim 1 or 2 which the aforementioned 
heating element is laid underground into the aforementioned predetermined ceramics, and is 
characterized by not being in contact to the aforementioned rheostatic control section. 
[Claim 4] Heating apparatus given in any one claim of the claim 1-3 characterized by laying other 
conductive functional parts underground between the aforementioned rheostatic control section and the 
aforementioned heating surface into the aforementioned base. 

[Claim 5] Heating apparatus given in any one claim of the claim 1-3 characterized by laying other 
conductive functional parts imderground into the aforementioned rheostatic control section. 
[Claim 6] Heating apparatus given in any one claim of the claim 1-5 characterized by for the 
aforementioned predetermined ceramics being the nature ceramics of alumimium nitride, and the 
principal component of ceramics besides the above being an alumina, a silicon nitride, boron nitride, a 
magnesium oxide, oxidization silicon, or a yttrium oxide. 

[Claim 7] Heating apparatus according to claim 6 characterized by the acid nitride or oxide which 
becomes the interface of the aforementioned predetermined ceramics and the aforementioned rheostatic 
control section from aluminum and the component of the aforementioned rheostatic control section 
generating. 

[Claim 8] Heating apparatus given in any one claim of the claim 1-5 characterized by for predetermined 
ceramics being the nature ceramics of alumimium nitride which do not contain magnesium and the 
lithium substantially, and being the nature ceramics of alumimium nitride with which ceramics besides 
the above convert magnesium into an oxide, and contain it 0.5% of the weight or more. 
[Claim 9] Heating apparatus given in any one claim of the claim 1-5 characterized by for predetermined 
ceramics being the nature ceramics of alumimium nitride which do not contain magnesium and the 
lithium substantially, and ceramics besides the above being the nature ceramics of alumimium nitride 
containing 100 ppm or more of 500 ppm or less of lithiums. 

[Claim 10] The manufacture method of heating apparatus characterized by carrying out hotpress 
sintering, being the method of manufacturing the heating apparatus of a publication to any one claim of 
the claim 1-9, preparing the calcinated body of the aforementioned ceramic base, preparing the 
calcinated section of the aforementioned rheostatic control section into the aforementioned calcinated 
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body in this case, and applying a pressure to the aforementioned calcinated body. 

[Claim 1 1] It is the aforementioned calcinated body 20 kgf/cm2 The manufacture method of heating 

apparatus according to claim 10 characterized by carrying out a hotpress by the above pressure. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . . . 

[The technical field to which invention belongs] this invention relates to the heatmg apparatus with 
which the heating element is laid underground into the ceramic base for processing heated objects, such 
as a semiconductor wafer, and its manufacture method. 

[0002] . ^ - 

[Description of the Prior Art] Now, the nature ceramics of precise attract atterition as a base ot an 
electrostatic chuck, especially - semiconductor fabrication machines and equipment -- setting -- as 
etching gas or cleaning gas -- C1F3 etc. - a halogen system corrosive gas is used abundantly Moreover, 
in order to heat quickly and to make it cool, holding a semiconductor wafer, the base of an electrostatic 
chuck is wanted to be equipped v^dth high thermal conductivity. Moreover, to have a thermal shock 
resistance which is not destroyed by the rapid temperature change is desired. Precise alumimium nitride 
is equipped with high corrosion resistance to the above halogen system corrosive gases. Moreover, for 
such alumimium nitride, it is known as a highly thermally-conductive material, and the volume 
resistivity is 101 4 at a room temperature. It is more than omega-cm and a thermal shock resistance is 
also high. Therefore, it is thought suitable to form the base of the electrostatic chuck for semiconductor 
fabrication machines and equipment with an alumimium nitride sintered compact. Moreover, forming 
the base material of a ceramic heater or a RF-electrode built-in heater by alumimium nitride is proposed. 

[0003] These people are indicating laying a resistance heating element and an electrostatic chuck 
electrode underground into the base which consists of alumimium nitride, or laying a resistance heating 
element and the electrode for RF generating underground in JP,7-50736,B. 

[0004] , U TDC 

[Problem(s) to be Solved by the Invention] However, the resistance heating element and the Rt 
electrode were laid underground into the alumimium nitride base, the arrangement of electrode for RF 
generating was produced, and when this was worked in the elevated-temperature field 600 degrees C or 
more and was seen, the bird clapper had the state of a RF, or the state of RF plasma unstably. Moreover, 
when laid a resistance heating element and an electrostatic chuck electrode underground into an 
alumimium nitride base, electrostatic chuck equipment was produced, this was worked in an elevated- 
temperature field 600 degrees C or more and it saw, instability might arise locally or with time in the 
electrostatic adsorption power. j u u • 

[0005] The technical problem of this invention is having the base made from ceramics, and the heating 
element currently laid underground in this base, and stabilizing the operating state in each portion of 
heating apparatus in the heating apparatus with which the heating surface which should process a heated 
object to a base is prepared, or enabling it to stabilize operating state with time. 
[0006] 

[Means for Solving the Problem] this invention is equipped with the base made from predetermined 
ceramics, and the heating element currently laid underground in this base, is heating apparatus with 
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which the heating surface which should process a heated object to a base is prepared, and is 
characterized by preparing in a base the rheostatic control section which consists of other ceramics 
which have a volume resistivity higher than the volume resistivity of predetermined ceramics. 
[0007] Moreover, it is the method of manufacturing the aforementioned heating apparatus, and this 
invention prepares the calcinated body of a ceramic base, in this case, it prepares the calcinated section 
of the rheostatic control section into the calcinated body, and is characterized by carrying out hotpress 
sintering. 

[0008] this invention person examined the reason which instability generates in the state of a RF for 
example, in RF-electrode equipment. Consequently, current flowed between the heating element in a 
base, and the RF electrode, and it found out that this leakage current brought turbulence to the state of a 

[0009] And in order to solve this problem, by preparing in a base the rheostatic control section which 
consists of other ceramics which have a volume resistivity higher than the volume resistivity of 
predetermined ceramics between a heating surface and a heating element, it found out that the influence 
by the leakage current could be suppressed or controlled, and this invention was reached. 
[0010] Especially the volume resistivity of alumimium nitride shows the behavior like a semiconductor, 
and falling with elevation of temperature is known. According to this invention, when alumimium 
nitride is used, the state and the electrostatic adsorption power of a RF can be stabilized also in 600- 
degree-C field of -1200 degree C. 

[001 1] The gestalt of such the rheostatic control section has a stratified desirable thing, and a leakage 
current can be suppressed over the broad field of a heating surface by this. 
[0012] Hereafter, this invention is explained still more concretely. 

[0013] In this invention, the especially desirable rheostatic control section and conductivity functional 
part of others [ between / a rheostatic control layer (layer-like rheostatic control section) and heating 
surfaces ] is especially laid underground into a ceramic base preferably. As this conductive fiinctional 
part, the electrode for RF generating and an electrostatic chuck electrode are desirable. Drawing 1 and 
drawing 2 are the cross sections showing the heating apparatus concerning this operation gestalt 
roughly. 

[0014] In the heating apparatus 1 of drawing 1 , the heating surface 5 and the tooth back 6 are 
established in the board-like base 2, the ceramic layers 2a, 2b, 2c, 2d, and 2e are formed between the 
heating surface 5 and the tooth back 6, the resistance heating element 4 is laid underground into ceramic 
layer 2a and 2b, and the conductive fiinctional part 3 is laid underground among the ceramic layers 2d 
and 2e. And between the resistance heating element 4 and the conductive fimctional part 3, rheostatic 
control layer 2c which a volume resistivity becomes fi-om high ceramics relatively is prepared. 
[0015] In heating apparatus lA of drawing 2 , the ceramic layers 2a, 2f, 2d, and 2e are formed between 
the heating surface 5 of board-Uke base 2A, and the tooth back 6, the resistance heating element 4 is laid 
underground among the ceramic layers 2a and 2f, and the conductive fimctional part 3 is laid 
underground among the ceramic layers 2d and 2e. 

[0016] In the operation gestalt of drawing 1 , it is laid underground into layer 2a which the resistance 
heating element 4 becomes from predetermined ceramics, and 2b, and is not in contact to rheostatic 
control layer 2c. In the operation gestalt of drawing 2 , the resistance heating element 4 is formed along 
the ceramic layer 2a and 2f [ of rheostatic control layers ] interface, and touches also to 2f of rheostatic 
control layers. 

[0017] In other operation gestalten, an electrode is laid underground into the rheostatic control section. 
The thermal expansion around an electrode and the state of a thermal contraction are equalized by this. 
Drawing 3 and drawing 4 start this operation gestah. 

[0018] In heating apparatus IB of drawing 3 , the ceramic layers 2a, 2b, 2g, and 2h are formed in base 
2B. Here, the heating element 4 is laid underground into ceramic layer 2a and 2b, and 2g of rheostatic 
control sections is included among the ceramic layers 2b and 2h, and it is laid underground. The 
conductive functional part 3 is laid underground into 2g of rheostatic control sections. In addition, in this 
example, although 2g of rheostatic control sections is not exposed to the front face of base 2B, you may 
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expose the edge of 2g of rheostatic control sections to the side peripheral surface of base 2B, 
[0019] Moreover, the rheostatic control section can be used as the surface layer of a base, and a tooth- 
back layer can be prepared in the tooth-back side of this surface layer. In this case, preferably, the 
heating element is laid underground into the tooth-back layer, and the conductive functional part is laid 
underground into the surface layer (rheostatic control section). 

[0020] Drawing 4 is the cross section showing typically heating apparatus IC concerning this operation 
gestalt. Base 2C consists of the rheostatic control section (surface layer) 29 and a tooth-back layer 30. 
The heating element 4 is laid underground into the tooth-back layer 30, and the conductive functional 
part 3 is laid underground into the surface layer 29. 

[0021] In this invention, especially the thing for which especially the heating element is laid 
underground into predetermined ceramics is desirable, when heating element temperature rose and 
descends by this, distortion produced to the ceramics around a heating element is suppressed, and 
breakage of a base is suppressed. 

[0022] According to this invention, when leak of the current to the conductive functional part 3 can be 
prevented, and the temperature of each portion in a heating surface 5 can be maintained stably, for 
example, a semiconductor wafer is installed, high soaking nature is obtained from the resistance heating 
element 4. 

[0023] In this invention, as predetermined ceramics, although alumimium nitride, a silicon nitride, 
oxidization silicon, an aluminum oxide, a magnesium oxide, a yttrium oxide, etc. can be illustrated, 
nitride system ceramics are desirable and especially the nature ceramics of alumimium nitride are 
desirable. 

[0024] As other ceramics, the ceramics the principal component of whose is an alumina, a silicon 
nitride, boron nitride, a magnesium oxide, oxidization silicon, or a yttrium oxide are desirable. However, 
it is shown that these components occupy 90 % of the weight or more as considering as a principal 
component. Especially the case where the rheostatic control section which consists of ceramics which 
make a principal component an alumina, a silicon nitride, boron nitride, oxidization silicon, or a yttrium 
oxide into the base of the nature ceramics of alumimium nitride is generating is desirable. 
[0025] Moreover, a low case has thermal conductivity more effective in temperature distribution control 
than ceramics predetermined in other ceramics. 

[0026] Moreover, when predetermined ceramics and other ceramics are made into both the nature 
ceramics of alumimium nitride, by adding the magnesium and/or the lithium of the specified quantity in 
the nature ceramics of alumimium nitride which constitute other ceramics, the volume resistivity is 
raised and the rheostatic control section can be produced by this. Hereafter, this operation gestah is 
explained. 

[0027] (1) It is [0028] when the magnesium of the specified quantity is added in the nature ceramics of 
alumimium nitride which constitute other ceramics. An alumimium nitride particle needs to be only the 
amount which may exist as a main phase, and the content of the aluminum in the nature ceramics of 
alumimium nitride is 30 % of the weight or more preferably, and is 50 % of the weight or more still 
more preferably. 

[0029] When magnesium is added in the nature ceramics of alumimium nitride and it was made to 
contain 0.5% of the weight or more by oxide conversion, after the volume resistivity went up, high 
corrosion resistance was shown to the halogen system corrosive gas. Therefore, if the rheostatic control 
section is formed with these nature ceramics of alumimium nitride, a leakage current can be prevented 
with high corrosion resistance, 

[0030] The content of the magnesium in other ceramics does not limit. However, it converts into an 
oxide and, as for a manufacture top, it is desirable to consider as 30 or less % of the weight. Moreover, 
in order to bring the coefficient of thermal expansion of the nature sintered compact of alumimium 
nitride of this invention close to the coefficient of thermal expansion of the nature sintered compact of 
alumimium nitride which has not added magnesium since the coefficient of thermal expansion of a 
sintered compact increases if the content of magnesium increases, it is desirable to consider as 20 or less 
% of the weight. 
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[0031] As for the composition phase of other ceramics, the case of alumimium nitride single phase and 
the magnesium-oxide phase may deposit. In the case of alumimium nitride phase single phase, since it is 
near, when making both really sinter with the alumimium nitride sintered compact with which the 
coefficient of thermal expansion of the alumimium nitride containing magnesium does not contain 
magnesium, thermal stress is eased and the origin and bird clapper of destruction do not have a 
magnesium-oxide phase. On the other hand, when the magnesium-oxide phase deposits, corrosion 
resistance improves further. Generally, when the 2nd phase is distributing to the insulator, a low and the 
whole resistivity fall [ the resistivity of the 2nd phase ]. However, the composition phase of other 
ceramics is AlN+MgO. A case is MgO. Since self of a volume resistivity is high, the problem that a 
volume resistivity becomes low on the whole does not occur, either. 

[0032] (2) It is [0033] when the lithium of the specified quantity is added in the nature ceramics of 
alumimium nitride which constitute other ceramics, this invention person discovered an elevated- 
temperature field and that the volume resistivity especially in an elevated-temperature field 600 degrees 
C or more improved remarkably by making the lithium of a minute amount 500 ppm or less contain in 
the nature ceramics of alumimium nitride. By forming the rheostatic control section with these nature 
ceramics of alumimium nitride, a leakage current can be effectively prevented at the time of heating. 
And it is suitable as an object for semiconductor fabrication machines and equipment which dislikes 
metal contamination from the additions of a lithium being 500 ppm or less and a minute amount. 
[0034] An alumimium nitride particle needs to be only the amount which may exist as a main phase, and 
the content of the aluminum in other ceramics is 30 % of the weight or more preferably, and is 50 % of 
the weight or more still more preferably. Moreover, in the polycrystal structure of an alumimium nitride 
crystal, it may be included in addition to the alumimium nitride crystal, other crystal phases, for 
example, lithium-oxide phase, of a minute amount. 

[0035] Moreover, when a lithium content was 500 ppm or less, in the X-ray diffraction method, no 
phases other than an alumimium nitride phase have been checked. On the other hand, when the lithium 
was added superfluously, in the X-ray diffraction method, the peak of lithium aluminum NETO or a 
lithium oxide was seen. From these things, the lithium may deposit in the nature ceramics of alumimium 
nitride containing a lithium as a microcrystal of the grade which at least the part may be dissolving in an 
alumimium nitride grid, and does not result in a check in X-ray diffraction methods, such as lithium 
aluminum NETO and a lithium oxide. 

[0036] Although the reason the volume resistivity in an elevated temperature becomes high is unknown, 
it is possible that some lithiums [ at least ] dissolved in alumimium nitride, and it has compensated the 
lattice defect of alumimium nitride with addition of a lithium. 

[0037] In addition, when other ceramics are formed with the nature ceramics of alumimium nitride by 
which above-mentioned magnesium or an above-mentioned lithium was added and predetermined 
ceramics are made into the nature ceramics of alumimium nitride, as for the metal impure amount of 
resources in predetermined ceramics (a hthium, the amounts of metals other than MAKUNESHIUMU), 
it is desirable that it is 1 000 ppm or less. 

[0038] In order to manufacture the heating apparatus of this invention, the calcinated body of a ceramic 
base is prepared, the rheostatic control section is prepared into the calcinated body in this case, and 
hotpress sintering of the calcinated body is carried out. 

[0039] The pressure at the time of a hotpress is 20 kgf/cm2. The above is desirable and it is 100 
kgf/cm2. Especially the above is desirable. Especially this upper limit is 1000 kgf/cm2 practically, in 
order to prevent the injury on kiln furnitures, such as a mould, although not limited. The following is 
desirable and it is 400 kgf/cm2. The following is still more desirable. 

[0040] After the hotpress, especially the thing that the acid nitride of aluminum or the oxide of 
aluminum is generating was desirable, and the interface of the rheostatic control section and other 
predetermined ceramics understood the bird clapper as the adhesion in the interface of the rheostatic 
control section and predetermined ceramics being much more good by this. Especially as such a 
compound, AlON, SiAlON, and an Y-aluminum-O compound are desirable. 
[0041] Although the conductive functional part laid underground into an alumimium nitride sintered 
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compact may be the conductive film formed of printing, it is desirable that it is especially field-like 
metal bulk material. Here, "field-like metal bulk material" means what formed the metal wire and the 
metal plate as a 2-dimensional bulk object of one prolonged-like. 

[0042] As for a metal member, forming by the refractory metal is desirable, and a tantalum, a timgsten, 
molybdenum, platinum, a rhenium, hafniums, and these alloys can be illustrated as such a refractory 
metal. An aluminum wafer besides a semiconductor wafer etc. can be illustrated as a processed material. 

[0043] Hereafter, a still more concrete experimental result is described. 

(Example 1 of this invention) The heating apparatus of a gestalt as shown in drawing 1 was produced. 
The alumimium nitride powder obtained by reduction nitriding was specifically used, the acrylic resin 
binder was added to this powder, it corned by the spraying granulator, and granulation granulatio was 
obtained. Moreover, tape forming of the alumina powder was carried out apart from this, and the 
alumina sheet with a thickness of 320 micrometers was obtained. As shown in drawing 1 , 1 shaft 
pressing of the Plastic solid of each class was carried out one by one, and the laminating was carried out 
and it unified. Into this 1 shaft pressing object, coil-like the resistance heating element 4 and electrode 3 
made from molybdenum were laid underground. As an electrode 3, the wire gauze which knit the 
diameter phi0.4mm molybdenum line by 24 densities per inch was used. 

[0044] This Plastic solid was held into the hotpress type, and was sealed. Temperatvire was raised by the 
300 degrees C [/hour ] programming rate, and it decompressed by the room temperature -1000 degree C 
temperature requirement at this time. The pressure was raised simultaneously with elevation of this 
temperature. A maximum temperature is made into 1 800 degrees C, and it holds by the maximum 
temperature for 4 hours, and is a pressure 200 kgf/cm2 It carried out, and calcinated under nitrogen 
atmosphere, and the sintered compact was obtained. This sintered compact was machined, it finish- 
machined further, and heating apparatus was obtained. It was referred to as diameter phi240mm of a 
base 2, thickness was set to 18mm, the interval of the resistance heating element 4 and a heating surface 
was set to 6mm, and thickness of insulating dielectric layer 2e was set to 1mm. 

[0045] Moreover, the superficial laying-under-the-ground configuration of a resistance heating element 
was shown in drawing 5 . That is, the molybdenum line was wound, the winding object 16 was acquired, 
and Terminals 17A and 17B were joined to the ends of a winding object. The whole winding object 16 
is mostly arranged to the line perpendicular to space at the axial symmetry in drawing 5 . Two or more 
concentric circle-like partial 16a from which a diameter differs mutually is arranged so that an axial 
symmetry may be made, and each concentric circle-like partial 16a which adjoins each other in the 
diameter direction of a concentric circle is connecting by 16d of joining segments, respectively. Joining 
segment 16b of the outermost periphery is connected with circular partial 16c carried out about 1 round. 
The terminals 17A and 17B of a couple are connected in series by the winding object 16. Both the 
terminals 17A and 17B are held in the one protecting tube (not shown). 

[0046] The circuit roughly shown in drawing 1 was produced. That is, RF generator 8 for electric power 
supplies was connected to the resistance heating element 4 through the electric wire 9, and the electrode 
3 was connected to the ground 1 1 through the electric wire 10. The leakage currents from the resistance 
heating element 4 to an electrode 3 are 500 degrees C, 600 degrees C, and 700 degrees C in each 
temperature among a vacuum, and were measured by letting electric wires 20 and 9 pass in clamp meter. 
Moreover, as an index of operation of a conductive fimctional part, at the operation temperature of 700 
degrees C, the skin-temperature distribution of a heating surface 5 was measured by the thermostat 
viewer, and the difference of the maximum temperature and minimum temperature in a heating surface 
was measured. 

[0047] Consequently, the leakage current was not observed in each temperature, but the temperature 
gradient of a heating surface was 10 degrees C. Moreover, rheostatic control layer thickness was 150 
micrometers, the rheostatic control layer consists of an alpha-alumina phase, and the AlON phase was 
generating it to the interface of a rheostatic control layer and alumimium nitride. Drawing 6 is a 
scanning-electron-microscope photograph in which the ceramic organization near the interface of a 
rheostatic control layer and alumimium nitride is shown. It is the AlON phase which is being generated 
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to the homogeneous alumimium nitride intermediate room. Near the interface of an alumimium nitride 
phase and an AlON phase is expanded further, and is shown in drawing 7 . The interface of these 
ceramic phases that are different from each other is continuing, and abnormaUties, such as ablation and a 
crack, cannot be seen. 

[0048] (Example 2 of this invention) Heating apparatus 1 was produced like the example 1 of this 
invention, and the same experiment as the above was conducted. However, an alumina sheet was not 
used at the time of 1 shaft pressing, instead alumina powder was laid. 

[0049] Consequently, the leakage current was not observed in each temperature, but the temperature 
gradient of a heating surface was 10 degrees C. Moreover, rheostatic control layer thickness was 220 
micrometers, the rheostatic control layer consists of an alpha-alumina phase, and the AlON phase was 
generating it to the interface of a rheostatic control layer and alumimium nitride. 
[0050] (Example 3 of this invention) Heating apparatus 1 was produced like the example 1 of this 
invention, and the same experiment as the above was conducted. However, an alumina sheet was not 
used at the time of 1 shaft pressing, instead silicon-nitride powder was laid. 
[0051] Consequently, the leakage current was not observed at 500 degrees C, but was 1mA at 600 
degrees C, and was 8mA at 700 degrees C, The temperature gradient of a heating surface was 15 degrees 
C. Rheostatic control layer thickness is 240 micrometers, the rheostatic control layer consists of a 
silicon-nitride phase, and the product which cannot be specified existed in the interface of a rheostatic 
control layer and alumimium nitride. 

[0052] (Example 4 of this invention) Heating apparatus 1 was produced like the example 1 of this 
invention, and the same experiment as the above was conducted. However, an alumina sheet was not 
used at the time of 1 shaft pressing, instead oxidization silicon powder was laid. 
[0053] Consequently, the leakage current was not observed at 500 degrees C, but was 3mA at 600 
degrees C, and was 10mA at 700 degrees C. The temperature gradient of a heating surface was 15 
degrees C. Rheostatic control layer thickness is 210 micrometers, the rheostatic control layer consists of 
an oxidization silicon phase, and the product which cannot be specified existed in the interface of a 
rheostatic control layer and alumimium nitride. 

[0054] (Example 5 of this invention) Heating apparatus 1 was produced like the example 1 of this 
invention, and the same experiment as the above was conducted. However, an alumina sheet was not 
used at the time of 1 shaft pressing, instead yttrium-oxide powder was laid. 

[0055] Consequently, the leakage current was not observed at 500 degrees C and 600 degrees C, but was 
3mA at 700 degrees C. The temperature gradient of a heating surface was 10 degrees C. Rheostatic 
control layer thickness is 190 micrometers, the rheostatic control layer consists of a yttrium-oxide phase, 
and it is aluminum 2Y409 in the interface of a rheostatic control layer and alumimium nitride. The 
phase existed. 

[0056] (Example 6 of this invention) Heating apparatus 1 was produced like the example 1 of this 
invention, and the same experiment as the above was conducted. However, an alumina sheet was not 
used at the time of 1 shaft pressing, instead boron nitride powder was laid. 

[0057] Consequently, the leakage current was not observed at 500 degrees C and 600 degrees C, but was 
2mA at 700 degrees C. The temperature gradient of a heating surface was 10 degrees C. Rheostatic 
control layer thickness is 130 micrometers, the rheostatic control layer consists of a boron nitride phase, 
and the phase of the product which cannot be specified existed in the interface of a rheostatic control 
layer and alumimium nitride. 

[0058] (Example 1 of comparison) Heating apparatus was produced like the example 1 of this invention, 
and the same experiment as the above was conducted. However, an alumina sheet was not used at the 
time of 1 shaft pressing. 

[0059] Consequently, the leakage current was 2mA at 500 degrees C, was 9mA at 600 degrees C, and 
was 45mA at 700 degrees C. The temperature gradient of a heating surface was 50 degrees C. 
[0060] (Example 7 of this invention) The heating apparatus shown in drawing 3 was produced like the 
example 1 of tfiis invention. 

[0061] However, alumimium nitride powder of the specified quantity obtained by reduction nitriding in 
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isopropyl alcohol as a rheostatic control layer and MgO Proper quantity addition of 1 .0 % of the weight 
and the acrylic resin binder was carried out, what carried out dryness granulation was used after mixture 
and by the spraying granulator with the pot mill, and the electrode 3 was laid underground into this 
granulation granulatio. As an electrode 3, the wire gauze which knit the diameter phi0.4mm 
molybdenum line by 24 densities per inch was used. 1 shaft pressing of the granulatio was carried out in 
this state, and the disk-like Plastic solid was obtained. The laminating of each of these Plastic solids was 
carried out, they carried out 1 shaft pressing, and it considered as the form as shown in drawing 3 . 
[0062] This Plastic solid was held into the hotpress type, and was sealed. Temperature was raised by the 
3000 degrees C [/hour ] programming rate, and it decompressed by the room temperature -1000 degree 
C temperature requirement at this time. Simultaneously with the rise of this temperature, the pressure 
was raised. A maximum temperature is made into 1800 degrees C, and it holds by the maximum 
temperature for 4 hours, and is a hotpress pressure 200 kgf/cm2 It carried out, and calcinated under 
nitrogen atmosphere, and the sintered compact was obtained. This sintered compact was machined, 
finish was carried out further, and heating apparatus was obtained. The diameter of a base was set to 
phi240mm, thickness was set to 1 8mm, and the interval of a heating element 4 and a heating surface was 
set to 6mm. 

[0063] Among the vacuum, the leakage current fi:'om a heating element 4 to an electrode 3 was not 
observed, but it was 800 degrees C in operation temperature in each temperature of 500,600,700 degrees 
C and 800 degrees C, and the difference of the maximum temperature and the minimum temperature in a 
heating surface was 10 degrees C. 

[0064] Moreover, the corrosion-resistant examination was performed about this heating apparatus. 
Heating apparatus was fed into the resistance heating element 4 for power in the inside of the chamber 
under halogen gas atmosphere (chlorine gas : 300sccm, nitrogen gas:100sccm, chamber internal pressure 
O.ltorr), the temperature of a heating surface 5 was held at 735 degrees C, the RF plasma of an 
inductively-coupled-plasma method was generated on the heating surface, and it asked for the etching 
rate from the weight change after making it exposed for 24 hours. Consequently, the etching rate was 
4.4micrometers/hour. Therefore, the susceptor of this invention can be used from the conventional 
technology as a heater which operates at an elevated temperature more. 

[0065] When the sample was started from 2h of ceramic layers and the metal impure amount of 
resources was measured by the wet chemical analysis, it was 100 ppm or less. When the sample was 
started from 2g of rheostatic control sections and the amount of magnesium was measured, it was 0.50 
% of the weight. 

[0066] (Example 8 of this invention) The heating apparatus shown in drawing 4 was produced like the 
example 1 of tfiis invention. 

[0067] However, alumimium nitride powder of the specified quantity obtained by reduction nitriding in 
isopropyl alcohol and MgO Dryness granulation of the powder was carried out by the spraying 
granulator after mixture with the pot mill by carrying out proper quantity addition of 2.0 % of the weight 
and the acrylic resin binder, and granulation granulatio was obtained. Into this, the electrode 3 shown in 
the example 7 of this invention was laid underground, and the Plastic solid of a surface layer 29 was 
obtained. The laminating of each Plastic solid was carried out, 1 shaft pressing of the layered product 
was carried out, and the Plastic solid of the form shown in drawing 4 was obtained. Hotpress sintering of 
this Plastic solid was carried out like the example 7 of this invention. The size behind this hotpress is the 
same as that of the example 7 of this invention. 

[0068] Among the vacuum, the leakage current from the resistance heating element 7 to an electrode 3 
was not observed, but it was 800 degrees C in operation temperature in each temperature of 500 degrees 
C, 600 degrees C, 700 degrees C, and 800 degrees C, and the difference of the maximum temperature 
and the minimum temperature in a heating surface was 10 degrees C. moreover, when it was alike on the 
same conditions as the example 7 of this invention and the etching rate was measured, it was 
4.3micrometers/hour 

[0069] When the sample was started fi-om the surface layer 29 arid the amount of magnesium was 
measured, it was 1.1 % of the weight. 
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[0070] (Example 9 of this invention) The heating apparatus of the form shown in drawing 4 was 
produced Hke the example 1 of this invention. 

[0071] However, into isopropyl alcohol, the alumimium nitride powder, the lithium-carbonate powder 
(it is 0.1 % of the weight by oxide conversion), and the acryhc resin binder of the specified quantity 
obtained by reduction nitriding were mixed with the pot mill, 1 shaft pressing of what carried out 
dryness granulation by the spraying granulator was carried out, and the same electrode 3 as the example 
7 of this invention was laid underground in this Plastic solid. The laminating of each Plastic solid was 
carried out. 

[0072] This layered product was calcinated like the example 7 of this invention, and was examined. 
Consequently, in each temperature of 500 degrees C, 600 degrees C, and 700 degrees C, the leakage 
current was not observed, but at 800 degrees C, it was 1mA and the temperature gradient in a 800- 
degree C heating surface was 10 degrees C. 

[0073] Moreover, when the sample was started from the tooth-back layer 30 and the metal impure 
amount of resources was measured by the wet chemical analysis, it was 100 ppm or less. It was 280 
ppm, when the sample was started from the rheostatic control section (surface layer) 29 and the amount 
of lithiums was measured. 

[0074] Next, the field which the leakage current from a heating element concentrates depending on the 
gestalt of the heating element in a base may be except the field between a heating surface and a heating 
element. In such a case, it is suitable to prepare the rheostatic control section in the field which a leakage 
current concentrates at least. 

[0075] For example, in the case of the resistance heating element 16 which has a superficial pattern as 
shown in drawing 8 (namely, drawing 5 ), in drawing 8 , the thing between a right-hand side resistance 
heating element and a left-hand side resistance heating element which a leakage current produces was 
found out especially in joining segments [ 16b and 16d ] near. If such a leakage current occurs, since 
current will concentrate on the near and a hot spot will be generated, the homogeneity of the temperature 
of a heating surface is spoiled. 

[0076] For this reason, according to this invention, the rheostatic control layer 20 can be formed, the 
leakage current between resistance heating elements can be prevented, and generating of a hot spot can 
be prevented by this. Of course, since the field which such a leakage current tends to generate changes 
with the gestalten of a resistance heating element, it makes the field which a big electric potential 
gradient produces relatively in a base generate the rheostatic control section at least. 
[0077] Moreover, it is not restricted to a monotonous configuration which has also mentioned above the 
gestalt of rheostatic control section itself For example, in the example of drawing 9 (a), when there is a 
field 21 where the potential difference is added between the resistance heating elements 16 into a base 
15, a leakage current is prevented by preparing rheostatic control layer 20 A in this field 21. Here, a 
leakage current can be prevented much more certainly by making the gestalt of rheostatic control layer 
20A into an abbreviation perpendicular to the flat surface to which the resistance heating element 16 
extends. 

[0078] Moreover, as shown in drawing 9 (b), rheostatic control layer 20B can be prepared in a field 21, 
and the fixed angle inclination of the rheostatic control layer 20B can be carried out to the flat surface to 
which the resistance heating element 16 extends. By this, the detour distance of a leakage current 
becomes still longer. In this case, it is desirable to make into 30 to 90 degrees the degree of tilt angle of 
rheostatic control layer 20B to the flat surface to which a resistance heating element extends. 
[0079] Moreover, as shown in drawing 9 (c), rheostatic control section 20C can be prepared in a field 
21 . Here, a part for this soma 22 prolonged in an abbreviation perpendicular to the flat surface to which 
the resistance heating element 16 extends is formed, and it projects to a part for this soma 22, and 
Portions 23 A, 23B, 23C, and 23D are formed in rheostatic control layer 20C. Thus, by preparing a part 
for each lobe prolonged in a heating-surface side and/or this opposite side, the detour distance of a 
leakage current becomes still longer, in view of the resistance heating element 16. 
[0080] 

[Effect of the Invention] As stated above, according to this invention, it has the base made from 
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ceramics, and the heating element currently laid underground in this base, and the operating state in each 
portion of heating apparatus is stabilized in the heating apparatus with which the heating surface which 
should process a heated object to a base is prepared, or operating state with time can be stabilized. 

[Translation done.] 
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30 7 xmi^-t^^mmirmm.'^ux'h i « fej^^rs 

-fbT;PS-'^Alfc7)pat4ES;L-rV'>|)<7);<jiA l ONffiT 

S)!.. g-fkryps-'^Affit A 1 omk<Dmitm 

mzt&i^Lxmilz^-t. Zil^(DiSm^j:^'tyi-y^ 
XfflcO^fflJi^LTfeD. |iJSI^^7'y^'^t<7)^» 

[0048] ( 3|s:5*B3i5IJ 2 ) :^mmm 1 i: |5|«t^ LXM 

L. -maEsmmizTJii-fiy-hmm-tt. ^co 

40 [0049] Za)m^. #?SS{Ct5V^T 'J -^«»S{±a 

il$ii-f, KffiOiaKII{±10'CTl>-5fc. ffi 
6i:®JffllJlo;f § {4 2 2 0 m-C'S> 0 , ffititSfJillti: a - 

"^AtiO^ffiWiA 1 ONfflAS^fiicL-CV^/v:, 

[0050] ( :^mm 3 ) *^BflM 1 1 mm^z ixm 
L. -mnEfmmzTfUii-i^-h^mmi'. 
[0051 ] zcom^. y-^«a{4. 5 0 o'cxam 

50 SU^fl-r, 6 0 0°CT-{41mAT'*>D, 7 0 0"Ct148 
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[0052] (*^BJfi?ij4 ) ^%nm 1 b LTJD 

[00 5 3] i^Ofem. U-^msfiii. BOO'CX'im 
m^fvf. 6 0 0'Ct1i:3mAT'J)'9. TOOrtiil 10 
OmAT*-?3t. jDfiffic7)iaJSI|{i 1 5°CT'&');'i. ffi 
ln:$iJfflJiOJI § {4 2 1 0 m t'*) 0 , ffitn:0Jffl)S{4i?^l: 

[0054] ( *^Hj^j 5 ) *%Hg^J 1 fc |s|«t t TSD 
fi^Sl^f^L, ±f5i:|5|«c7)||iss:^t-5^c. 

fti^ D \,zm.it^ -y h y '^i.r;}*&scis Uz , 

[00 5 5] U-;!'fl:BE«±. 5 0 0°C. 6 0 

0 "CrtiSfJ^it-f , 7 0 0 VX'li 3mAX'h':>fz. M 20 
»ffl^oaj^{4 1 0 'CX'h fz . SfiiSiJUIStfOJf ^ {± 1 

9 0 /X mX'S) 0 , mmm\m\u -y h u ^j^mt-^^ 
=5roTfco, tmmmmtm^tT>\^i~^j^b<o^miz 

liA 1 2 Y4 09 mti^^LXWz. 

[0056] {^mme ) :^mm 1 1 mzixm 
Bmm i^mi. ±mt nm<7)mm^n -yfz.tz tz 
L. -mME&Mi^izTfi'ii-i^-hiim-^-r. 

"9 ^zWt^^^mm:^WLfz, 
[0 0 5 7] ic7)fe*, U-:7«cg{4, 5 0 0°C, 6 0 
OrT'fitiai^il-r. 7 0 0°Cr{i2mAt'J)o/t„ Sp 30 
^M<^^^\i\ O'CX'h-i fz. fiSi$iJ«lfl60JI${±l 

[00 58] iiimmi) :$^m^mitnmizLxi[m 

[00 5 9];cOfem. y-^«eE(i, 5 0 0°CT'{±2 
mAX'hK). 6 0 0'Ct1i9mAt'*'9. 7 0 0°CT1i: 
4 5 m ATJ> -5 . Jlfiffic^iaKIIti 5 0 VX'h -ofz. 40 

[00 6 0] (:^mm7) ^wnmibnm^zLx. 
m 3 izi^-tM^s^fm Lfz o 
[006 1] tztit. &mmmb ix. ^ vrnhvp 

^TJVi-'^J^m^b^ MgO ^1. 0««%i:. T^^J 

m.mmLmmizx-ox^mmmitzh<7)immi. 
9M3iz (Timim^'pizmm. Uz. mm3bLxii. 

^co^s.x'mA.fz^mimmifz. zco^mxw&i- 50 



1 0 

[0062] ;<7)^Jg*&, hri^XStftliX^ 

#jaaJg3 0 0 0''C/^raT'iajgSr±# 
S-li:, Zcr,m. SiS-l 0 0 O-CiOia^SgHTME^If 

■^fz. z<^^i7)±nbmiz. Et^m^^tfz. « 
iSffljS^ 1 8 0 ort t, ms&&X'4mmm^L. * 

•yh7VXE:^2:2 0 0kgf/cm2 i:U,M*#H 

<ii2 4 0mmtL. JI$5rl8mmfcL, %?S*4tjD 

coraPg^ 6 mm h L/t <, 
[0063]K3g+, 500, 600, 700°C, 80 

o'Cio^iastfcv^T, ^m^4^^i^mm3^m~^ 
mmmm^iit. mmi§M8oovx\ tmm^zm 

lMmStMb^iS.Wi^b(^mil O'CXh-ifz. 
[ 0 0 6 4 ] tfc, icOjD^a^COV^TWIfiltlS®^ 

X : 300sccm,MS;<''-^ : lOOsccm.f-^ W\F*iliI:J30.1tor 

L, »iiffi5c7)ffijg2r7 3 S-CtftftL. 

xv:tr5to«jf^r7XvSrMffl±(c|&4§-*, 24b$ 
x'o. x'om'mzxjfmth\:.-i?-bLxmx'i 

[006 5] ■*zy^^y9xm2Yiti^hWmi'im^L. 
m.it'^'^fmz k 0 ^WP^Mmm i-M'^Ltzb^^. 1 

0 0 p p m\:xfX'h'otz. mjimwm2 g*>^>ist4^« 

OJilL, v/^^vr>A4SriiSL;'^t 0. 5 0M 

[0066] ( *^H^M8 ) *fgBj^j 1 b mm^z LX . 
[14 (-^-r Jiasfi&f^ , 
[0067] /vT^iL. vrx3\^)vr!va~-jv^\,z^ m 

MgOSj^*S:2. 0ag%t. r:?'U;l'^»>'-0 

{zii-^x^mmLL. mmLiWz, z<n^^z. 

WJ7-C'^L/^l;|g3 2:SiSL. «ffiJi2 9 0fiiag«:Sr 

Ai,z5ntmmco^w.i%fz. :icr)mBW^. ^%mm 

7bmmt.Zt^'yYr\yX^^^i:fz. .r<:0*'yhTkX 

[0 0 68] 5 0 or, 6 0 0°C, 7 0 0''C, 

8 0 0 "C(0#aS t V ^T, ffifit^m 7 4>mfi 3 'X 

oy-i?«a{isaii^iT.-r, ^ffli?a^8oo°cT\ jni* 
m\zii\,^hmMm.bm.mm.b(nmi\o''cx:h'> 

tz. tfz. :^%mm7bnm(^^WX'^z:ii-y-f->yu~ 
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1 1 

[00 69] «H12 9*><i>IS|ifS:-e)'9ttlL. "^i/^-j/- 

[0070] (:^mm9 ) ^mmi trnzix. 

[ 0 0 7 1 J tztzl. -i Vru\^JV7)V-3-)V^l,z^ 51 

t , m y f-n^ ( Mi:!|«^-c o . i mM.% ) 

L.m^Ltz. Zcr:>^^. SOO'C. bOO'C. 7 00 
'Ccr>^m.l<zii\^X. U-7«ffil4jKil$il-f, 800 
°CT'{4 1 mAX'h 0,80 0 -C-C'^OjDaftffil^SOiaslIJi: 

1 o'cx-h-ifz. 

mmmi,zx ^^w^M^^m'^Ltztzb. i o 
0 p p mmx'^-yfz. mmmm ) 2 9 *^<i> 20 

Wmim^L. U^-^Afi^ffl^L^cti^, 2 80 
p pmT'J)-5ito 

[ 0 0 7 4 ] Kt;:, S#:4'tfettl.^fi*«0»ffitC J: -5 

mzmmmmmihz t ififmx-hi. 

[0075] mtii. 08 (iP*>ia5 ) t^tJ: 0 ^¥ 

mz'm^m 16b. 1 6 d ;7)ififiiT' y -^mm^^-f 

^(o'^mzmw.ism'pL. t^'y^xjit-yhti^^'ti 

[0076] zcotzib. ^mmzmr,x . msiMmm2 
o^iSft, &mmitm<^u-^'m^M±L. zmz 

tshL. ^^J:3=Sry-^'«?ji[*s^LW^^Ji{±. 

mmif^mw.zX'^x'^\tfh<rix:. mmx:im 
mz±%t£wmm^^-fhwmz'}fts: < t t.ffifiisij» 40 

[ 0 0 7 7 ] mrnm^^h.'^^mm^^ . m& 
\.x%fzi.')ts:^W3mz\mhm:\^. mt\m9 
(a) m\\zii\^x\t. mk.\ 5<r>Mzii\<^xmLmk 
* 1 6 ^\,z%im.m^h hmL2\ifhhh%^z. z<r> 
m^2 1 ^zmmm 2 0 a 5-iS(ti. t j: , y 
~^%w^^mL-th. zzx\ mmmM20Acr,mm 
i&tfimif^i emx/t^mizMLXBmm^zi-h 
ztizX'.x. x'o-mmm^zu-:?mmnMiX'^ 

50 



#M¥1 1-260534 
1 2 

[00 78] tfz. 09 (b) K^-tJ:^^, ^1^2 1 
(Cffil5i$Jffl)ii 2 0 B SriSIt, ffiiii$iJ«S 2 0 B S: , ffitJi 

eimuh^m\,znix-^nm.m^hz 
bifx'^h. zmzii-yx. '}~'pm^<mmsm- 
ift<=5rs, zm-^^zii\^x\i. mnmmmifh 
'm^zmmmmm2 0 B(r>mmm 30-90 

[0079] ^/i, 09 (c) {Z5^^-tXo\,Z. mi2l 
tffiOJfflIgS 2 0 C ^ iSltl. i t I. , ^ i t\ ffi 
iJiSJffllJf 2 0 C tc. ffiSi^** 1 6 A Wl. TiStM L 
X^mzm^h^Wm2 2 &^(t, *^02tsftg|5:a-2 
2t§§aigP:«-2 3A, 2 3 8. 2 3C. 2 3DH5tt 
.icoj; ^(Cfitn:^»#:l (>ti-io^Xli\^Mmiii.V^ 

/ttz\iz<r>mmi>zmh^^d!,mwfh zt\.z 
j:o-c, y-^'«Brii^aiiisgi?i*^'-«;i<^i,. 

[0080] 

{mm^^ i:xt:^'<x%fzio\>z. i^^^mziix 

[0fficom#:5riiHJ] 

[01 ] ^%m<ommmmi,z^hn^m.i ^mmt<z 
^T^-mmmx'hh. 

[02 ] ^%m<r>m(n%imm<.zmtmmm.i p^^m 
wz^-tmmmx'hh, 

[03 ] *^Bflog(2ffioiiji?^«tcjDi^B 1 B m 

m<.z^-fmmmx:hh, 

[04 ] ^%m(m^zm(r>mmmm\<ziimmw.i c 

B&Wtc^^BlTii0T-^l.. 

[05 ] ifW^a)%mmx'mLtzw^mzmm 

[06] fi*i$iJffl)H t M^kT;P ^-^J^b <r>m\m<n 

[07] ^-fCT/l^S-'^AffltA 1 ON|SfccOM+)£ 

wm^^x-hh. 

{ms\^wmmzmmmm.\^z^mmMm.ii». 
^mz^-f ^mmx'hh. 

[09 ] ( a ) (4, 1 b<m^mmzmm 
eti 2 0 A t:mirfz^m7n-t^mmx'h 0 , ( b > 

{i, ffifii^lSft 1 6^oraiiM«fcffiti$iJ|J|IJl 2 0 B 

nfzm.imm^x'h 0 , ( c ) ffist^* 1 
e>mm.mzmmmm 0 c s:i§(t?t^^.«^s^-rBr 

ffl0T'S)l.. 

1, lA, IB Sniigg 2. 2 A, 2B. 2 
158* 2a, 2b, 2c, 2e, 2g 0T 
5 ■y^'X*^A>:5rl.-fe5S -yi^Xffl 2 c, 



